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Preface

This Data Supplement to the Lawrence Livermore National Laboratory’s (LLNL’S)
annual Environmental Report 1997 (called Volume 2 in previous years) was prepared for
the U.S. Department of Energy. The main volume is intended to provide all information
on LLNL’s environmental impact and compliance activities that is of interest to most
readers. The Data Supplement supports main volume summary data and is essentially a
detailed data report that provides individual data points, where applicable. Some
summary data are also included in the Data Supplement, and more detailed accounts
are given of sample collection and analytical methods. Not all of the data in the Data
Supplement tables have been reduced to the proper number of significant figures;
however, summary data in both volumes are expressed using the proper number of
significant figures.

The two volumes are organized in a parallel fashion to aid the reader in cross-
referencing between them. This supplement includes more detailed information to
support the nine chapters in the main volume that cover monitoring of air, air effluent,
sewerable water, surface water, ground water, soil and sediment, vegetation and
foodstuff, environmental radiation, and quality assurance. The other four chapters in
the main volume have no supporting information in the Data Supplement.

As in our previous annual reports, data are presented in Systéme International (SI)
units. In particular, the primary units used for radiological results are becquerels
and sieverts for activity and dose, with curies and rem used secondarily

(1Bg =27 x10711Ci; 1 Sv = 100 rem).
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Site Overview.
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Air Effluent Monitoring

Arthur H. Biermann
Paula J. Tate

Air Effluent Sampling Methods

At the beginning of 1997, LLNL operated 103 continuously operating radiological
sampling systems on air exhausts at nine facilities at the Livermore site (main volume,
Table 4-1). These samplers are used to determine actual emissions from operations
involving radioactive materials at the facilities and to verify the integrity of emission
control systems.

Air samples for particulate emissions are extracted downstream of high-efficiency
particulate air (HEPA) filters and prior to the discharge point to the atmosphere. In
most cases, simple, filter-type aerosol collection systems are used. However, in some
facilities (Buildings 251 and 332) continuous air monitors (CAMs) for alpha activity are
used for sampling. In addition to collecting a sample of particles, the CAM units
provide an alarm capability for the facility in the event of a release of alpha activity.
Both types of sampling systems, the simple filter type and alpha alarm monitors, are
used to monitor discharge points from Building 332. The air sampling systems in critical
facilities would be switched to auxiliary power in the event of a power outage and
continue to operate.

The sample filters, 47-mm-diameter membrane filters, are changed weekly or biweekly
depending on the facility. After sample collection, filters are placed in glassine
envelopes; each envelope is tagged with a unique bar code label. Filter samples are
logged into the Hazards Control Department (HCD) sample tracking and reporting
(STAR) computer system along with information, including location, equipment
identification, bar code, sampling start date, sampling stop date, and flow rate.
Sampling procedures are contained in the environmental section of the discipline
action plan for a facility. Filters are analyzed at the HCD Radiological Measurements
Laboratory (RML) for gross alpha and beta activity using gas proportional counters.
Analysis is delayed for at least four days from sample termination to allow for the
decay of naturally occurring radon daughters. For verification of the operation of the
counting system, calibration sources, as well as background samples, are intermixed
with the sample filters for analysis. Analytical technigues are consistent with EPA-
recommended procedures. Further details of sampling and analysis are discussed in
the Environmental Monitoring Plan (Tate et al. 1995).
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Air Effluent Monitoring

Each stack of the Tritium Facility (Building 331) is monitored for tritium release by both
a continuous monitoring alarm system and continuous molecular sieve samplers. The
alarmed samplers, Overhoff ion chambers, provide real-time total tritium concentration
release levels (HT and HTO combined). The sieve samplers, which can discriminate
between tritiated water (HTO) vapor and tritiated hydrogen gas (HT), provide the
values used for environmental reporting. Each sieve sampler (unalarmed) is in parallel
with an alarmed monitor and consists of two molecular sieves. The first sieve collects
tritiated water vapor; then a palladium-coated catalyst converts tritiated hydrogen to
tritiated water and collects the tritiated water on a second sieve. Sieves are exchanged
weekly. The sieve samples are logged into the HCD STAR sample tracking system and
submitted to the HCD Analytical Laboratory, where tritiated water is baked out and
collected. The retrieved tritium is analyzed by RML for beta activity using scintillation
counting techniques.

Annual summaries of gross alpha and gross beta data for each sampler at each
monitored facility are summarized in Tables 4-1 through 49. The tables present the
ratio of the number of results having activity concentration greater than the minimum
detectable concentration (MDC) of the analysis to the total number of samples in the
year, and the minimum, median, and maximum activity concentrations of the samples.
A detailed discussion of these results is provided in the main volume of this report.

Table 4-1. Summary of gross alpha and gross beta in air effluent samples from
monitored emission points at Building 166, 1997.

Sampler No. >MDC@)/ Minimum Median Maximum
no. Total samples (Bg/mL) (Bg/mL) (Bg/mL)
Gross alpha
1 1/29 -1.14 x 10711 6.44 x 10712 8.73 x 10711
Gross beta
1 5/29 -1.23x1011 6.11 x 10711 5.03 x 10710

2 Minimum detectable concentration.
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Table 4-2. Summary of gross alpha and gross beta in air effluent samples from
monitored emission points at Building 175, 1997.

Sampler No. >MDC@)/ Minimum Median Maximum
no. Total samples (Bg/mL) (Bg/mL) (Bg/mL)
Gross alpha
1 0/42 -1.62 x 10711 1.64 x 1011 5.55 x 1011
2 2142 -2.16 x 10711 1.90 x 10711 1.05 x 10710
3 0/42 —-1.41 x 10711 8.25 x 10712 5.51 x 1011
4 2/42 -3.14x 1011 1.63x 10711 4.66 x 10711
5 0/42 —2.87 x 10711 7.70 x 10712 4.59 x 10711
6 0/42 -3.67 x 10711 -1.64 x 10713 5.51 x 1011
Gross beta
1 11/42 —4.33 x 10712 9.75 x 1011 4.55 x 1010
2 12/42 -9.47 x 10712 8.42 x 10711 4.11 x 10710
3 14/42 -3.77 x 10711 9.07 x 10711 3.07 x 10710
4 13/42 -4.26 x 10711 8.34 x 10711 1.19 x 109
5 2142 -8.40 x 10711 2.71 x 1011 2.93 x 10710
6 4/42 -6.33 x 10711 2.35 x 10~11 1.75 x 10-10

2 Minimum detectable concentration.

Table 4-3. Summary of gross alpha and gross beta in air effluent samples from
monitored emission points at Building 231, 1997.

Sampler No. >MDC@)/ Minimum Median Maximum
no. Total samples (Bg/mL) (Bg/mL) (Bg/mL)
Gross alpha
Vault 0/33 -1.79 x 10-11 5.70 x 10712 7.29 x 10711
Gross beta
Vault 1/33 -2.82 x 10711 411 x 10711 3.53 x 1010

2  Minimum detectable concentration.
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Table 4-4. Summary of gross alpha and gross beta in air effluent samples from
monitored emission points at Building 251, 1997.

Sampler No. >MDC@)/ Minimum Median Maximum
no. Total samples (Bg/mL) (Bg/mL) (Bg/mL)
Gross alpha
1 0/22 -8.77 x 10711 5.55 x 10711 3.44 x 10710
2 4/22 1.98 x 10711 7.27 x 10711 2.36 x 10710
3 1/22 -3.35x 10711 2.35 x 10711 1.22 x 10710
4 8/22 —6.18 x 10712 5.99 x 10711 1.72 x 10710
5 0/22 -3.11 x 10710 1.64 x 10710 5.51 x 10710
6 1/22 —6.36 x 10711 5.81 x 10711 451 x 10710
7 3/22 6.14 x 10712 5.25 x 10711 2.04 x 10710
8 1/22 —2.17 x 10710 1.09 x 10710 1.30 x 1079
10 4/22 —2.28 x 10711 1.12 x 10710 8.21 x 10710
11 1/22 —2.09 x 10710 2.51 x 10710 1.45 x 1079
12 0/22 -1.50 x 10711 9.84 x 10712 1.89 x 10711
13 0/22 —2.02 x 10711 1.98 x 10711 1.32 x 10710
14 3/22 -1.22 x 10711 5.81 x 10711 2.38 x 10710
15 0/22 —-1.98 x 10710 1.92 x 10710 7.88 x 10710
16 2/22 -4.92 x 10711 6.01 x 10711 2.59 x 10710
17 1/22 -1.27 x 10711 3.44 x 10711 1.67 x 10710
18 3/22 —1.46 x 10711 1.97 x 10711 9.69 x 10711
19 0/22 —2.63 x 10710 2.17 x 10710 7.33x 10710
20 2/22 -8.14 x 10711 1.57 x 10711 5.29 x 10711
21 0/22 —5.62x 10711 8.23 x 10711 3.15x 10710
22 0/22 —1.24 x 10712 1.24 x 10711 3.70 x 10711
23 0/22 —2.54 x 10710 2.00 x 10710 1.04 x 1079
24 0/22 -6.33 x 10711 2.61x 10711 1.34 x 10710
25 0/22 —257x10711 2.91 x 10711 8.55 x 10711
26 0/22 -3.96 x 10711 1.34 x 10711 1.41 x 10710
27 0/22 -1.68 x 10711 6.85 x 10711 3.26 x 10710
28 1/22 -1.12 x 10711 8.53 x 10711 3.69 x 10710
29 2/22 —6.99 x 10712 4.01x10711 1.62 x 10710
30 1/22 -3.04 x 10711 3.10x 10711 2.84 x 10710
31 0/22 —2.94 x 10710 2.27 x 10710 6.48 x 10710
32 0/22 -1.86 x 10711 3.66 x 10711 4.00 x 10710
33 11/22 1.25 x 10712 7.27 x 10711 2.60 x 10710
34 3/22 —2.15 x 10711 2.78 x 10711 1.27 x 10710
35 1/22 —2.21 x10711 1.36 x 10711 1.15 x 10710
36 22/22 —-1.88 x 10710 3.18 x 10710 5.74 x 10710
37 1/22 -3.47 x 10711 5.25 x 10711 1.54 x 10710
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Table 4-4. Summary of gross alpha and gross beta in air effluent samples from

monitored emission points at Building 251, 1997 (continued).

Sampler No. >MDC@)/ Minimum Median Maximum
no. Total samples (Bg/mL) (Bg/mL) (Bg/mL)
Gross alpha
38 1/22 -1.49 x 10711 1.29 x 10711 1.08 x 10710
39 6/22 —-5.00 x 10712 2.49 x 10711 1.65 x 10710
40 3/22 —-1.64 x 10711 2.65 x 10711 1.01 x 10710
41 0/22 -3.89x 10711 3.10 x 10711 1.03 x 10710
42 1/22 —-8.88 x 10712 1.98 x 10711 1.04 x 10710
43 0/22 -1.57 x 10711 1.20 x 10711 3.74x 10711
44 2/22 -2.93x 10711 3.35x 10711 2.63x 10710
45 0/22 -9.58 x 10712 3.96 x 10711 1.36 x 10710
46 6/22 2.33x 10711 487 x 10711 1.55 x 10710
47 5/22 -1.13 x 10712 457 x 10711 1.18 x 10710
48 6/22 —-1.64 x 10711 5.33 x 10711 1.62 x 10710
49 5/22 —2.38 x 10712 5.86 x 10711 1.44 x 10710
Gross beta

5/22 —3.77 x10711 2.88 x 10710 1.31 x 1079
2 22122 1.47 x 10710 4,55 x 10710 7.99 x 10710
3 5/22 —5.03 x 10711 1.30 x 10710 3.17 x 10710
4 22122 2.81 x 10710 5.22 x 10710 8.58 x 10710

5 7122 1.98 x 10710 8.64 x 10710 3.66 x 1079
6 3/22 4.26 x 10712 3.54 x 10710 8.21 x 10710

7 8/22 7.62 x 10711 2.45 x 10710 1.10 x 1079

8 3/22 7.36 x 10711 1.53 x 1079 3.70 x 1079

10 15/22 1.16 x 10710 6.68 x 10710 1.59 x 1079

11 4/22 —-1.49 x 10710 1.08 x 1079 4.03x107°
12 4/22 1.73 x 10711 6.97 x 10711 6.85 x 10710
13 4/22 3.68 x 10711 1.40 x 10710 4,70 x 10710
14 13/22 6.44 x 10711 3.89 x 10710 6.33 x 10710

15 8/22 —5.14 x 10711 1.74 x 1079 5.85 x 1079

16 8/22 2.78 x 10712 3.17 x 10710 1.58 x 1079
17 9/22 —7.55 x 10712 1.80 x 10710 4.07 x 10710
18 4/22 4.40 x 10712 8.14 x 10711 2.35x 10710

19 3/22 —-6.92 x 10710 1.20 x 1079 3.38 x 1079

20 9/22 3.85x 10711 7.49 x 10711 2.61 x107°

21 18/22 1.28 x 10710 5.83 x 10710 2.74 x 1079
22 12/22 9.92 x 10712 1.12 x 10710 3.96 x 10710
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Table 4-4. Summary of gross alpha and gross beta in air effluent samples from

monitored emission points at Building 251, 1997 (concluded).

Sampler No. >MDC@)/ Minimum Median Maximum
no. Total samples (Bg/mL) (Bg/mL) (Bg/mL)
Gross beta

23 9/22 9.69 x 10711 1.75 x 1079 1.10 x 1078
24 1/22 —5.14x 10711 1.56 x 10710 2.02 x 1079
25 1/22 2.07 x 10712 1.39 x 10710 3.77 x 10710
26 2/22 -8.62x10711 1.53 x 10710 9.81 x 10710
27 2/22 -1.15 x 10711 1.34 x 10710 1.30 x 1079
28 11/22 1.80 x 10712 3.49 x 10710 7.10 x 10710
29 3/22 1.49 x 10711 1.21 x 10710 4.14 x 10710
30 8/22 —-1.06 x 10710 1.64 x 10710 8.36 x 10710
31 5/22 -1.63 x 10710 1.29 x 1079 4,74 x 1079
32 1/22 1.89 x 10712 1.27 x 10710 6.77 x 10710
33 20/22 1.28 x 10710 3.56 x 10710 7.55 x 10710
34 11/22 3.33x10711 2.13x 10710 8.84 x 10710
35 7122 -1.11 x 10712 1.51 x 10710 4,55 x 10710
36 22/22 8.99 x 10710 1.94 x 1079 3.49 x 1079
37 15/22 1.08 x 10710 3.21x10710 9.95 x 10710
38 4/22 7.33x 10712 6.83 x 10711 2.11x 10710
39 17/22 2.02 x 10711 1.21 x 10710 9.07 x 10710
40 5/22 —6.14 x 10712 7.71 x 10711 2.76 x 10710
41 2/22 —7.10 x 10712 1.55 x 10710 6.36 x 10710
42 9/22 1.18 x 10711 7.64 x 10711 4.66 x 10710
43 4/22 7.55 x 10712 6.14 x 10711 1.82 x 10710
44 17/22 9.55 x 10711 3.08 x 10710 5.96 x 10710
45 8/22 429 x 10712 1.81 x 10710 5.29 x 10710
46 21/22 1.20 x 10710 4.63 x 10710 1.12 x 1079
47 18/22 8.18 x 10711 3.61x10710 8.70 x 10710
48 15/22 3.53 x 10711 3.60 x 10710 9.47 x 10710
49 11/22 1.77 x 10711 2.11 x 10710 7.77 x 10710

2 Minimum detectable concentration.
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Table 4-5. Summary of tritium in air effluent samples from monitored emission points at
Building 331, 1997.

Sampler No. >MDC@)/ Minimum Median Maximum
no. Total samples (Bg/mL) (Bg/mL) (Bg/mL)

HT

Stack 1 44/44 1.21 x 1075 1.14 x 104 9.84 x 10~4

Stack 2 47/47 6.73x 107° 1.51x 1073 5.66 x 1072
HTO

Stack 1 48/48 1.76 x 1074 1.82x 1073 7.40 x 1073

Stack 2 47147 1.14 x 1073 2.50 x 1072 1.08 x 1071

2 Minimum detectable concentration.
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Table 4-6. Summary of gross alpha and gross beta in air effluent samples from
monitored emission points at Building 332, 1997.

Sampler No. >MDC@)/ Minimum Median Maximum
no. Total samples (Bg/mL) (Bg/mL) (Bg/mL)
Gross alpha
SP-1A 0/52 —5.00 x 10711 2.85x 10712 6.55 x 10711
SP-1B 0/52 -5.37 x 10711 1.30 x 10711 8.92 x 10711
SP-2A 0/52 -4.81 x10711 —2.41 x 10712 6.70 x 10711
SP-2B 0/52 —2.29 x 10711 1.27 x 10711 9.25 x 10711
SP-3 0/52 —6.40 x 10711 —2.53 x 10712 6.55 x 10711
SP-4 0/52 -4.59 x 10711 1.39 x 10711 1.08 x 10710
SP-5 0/52 —2.80 x 10711 -1.03 x 10711 8.81 x 10711
SP-6A 0/52 -2.83x 10711 1.01 x 10711 8.70 x 10711
SP-6B 0/52 —5.55 x 10711 -1.11 x 10712 8.10 x 10711
SP-7A 0/52 -4.88 x 10711 —-1.09 x 10711 8.81 x 10711
SP-7B 0/52 -3.37 x10711 -1.09 x 10711 5.81 x 10711
SP-8 0/52 —5.03 x 10711 5.76 x 10712 6.51 x 10711
SP-9 0/52 -2.82x10™11 -3.06 x 10712 9.03 x 10711
SP-10 0/52 -9.40 x 10711 —2.29 x 10711 1.08 x 10710
SP-11 0/52 —2.29 x 10711 1.27 x 10711 1.12 x 10710
SP-12 0/52 -7.03x 10711 1.17 x 10711 1.31 x 10710
Gross beta

SP-1A 1/52 —-1.04 x 10710 3.06 x 10711 2.51 x 10710
SP-1B 1/52 —1.21 x 10710 3.73x1071 2.55 x 10710
SP-2A 2/52 —-1.02 x 10710 2.36 x 10711 3.19 x 10710
SP-2B 0/52 -1.62 x 10710 2.71x 10711 2.16 x 10710
SP-3 1/52 -8.33x 10711 5.01 x 10711 5.37 x 10710
SP-4 6/52 -8.10 x 1011 7.59 x 10711 4.26 x 10710
SP-5 0/52 —1.54 x 10710 2.28 x 10711 2.59 x 10710
SP-6A 0/52 —1.35 x 10710 3.71x10711 2.36 x 10710
SP-6B 0/52 —-1.21 x 10710 1.22 x 10711 1.42 x 10710
SP-7A 2/52 —1.41 x 10710 2.38 x 10711 3.61x 10710
SP-7B 1/52 -1.03 x 10710 3.96 x 10712 3.81 x 10710
SP-8 1/52 —1.22 x 10710 2.07 x 10711 2.70 x 10710
SP-9 1/52 -1.15x 10710 3.05 x 10711 2.88 x 10710
SP-10 2/52 —2.36 x 10710 6.11 x 10711 1.53 x 1079
SP-11 5/52 —-1.41 x 10710 1.81 x 10711 3.37x107°
SP-12 1/52 —2.46 x 10710 6.48 x 10711 7.25 x 10710

&  Minimum detectable concentration.
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Table 4-7. Summary of gross alpha and gross beta in air effluent samples from
monitored emission points at Building 419, 1997.

Sampler No. >MDC@)/ Minimum Median Maximum
no. Total samples (Bg/mL) (Bg/mL) (Bg/mL)
Gross alpha
0/10 -8.40 x 10712 1.09 x 10711 1.28 x 10710
1/10 -9.18 x 10712 4.35 x 10712 7.81 x 10710
Gross beta
2/10 1.23x10711 7.83 x 10711 2.86 x 10710
1/10 -551x10™11 4.29 x 10711 1.58 x 1079

2 Minimum detectable concentration.

Table 4-8. Summary of gross alpha and gross beta in air effluent samples from
monitored emission points at Building 490, 1997.

Sampler No. >MDC@)/ Minimum Median Maximum
no. Total samples (Bg/mL) (Bg/mL) (Bg/mL)

Gross alpha

1 0/21 -1.90x 10711 7.73 x 10712 3.60 x 10711

2 0/31 -1.73x 10711 9.10 x 10713 6.25 x 10711

3 0/21 -6.66 x 10712 7.77 x 10712 5.55 x 10711

4 0/31 -1.71 x 10711 7.70 x 10712 4.88 x 10711
Gross beta

1 2/21 -5.88 x 10711 1.28 x 10711 4.22 x 10710

2 2/31 -6.18 x 10711 2.59 x 10711 5.92 x 10710

3 2/21 -1.90 x 10711 3.40 x 10711 5.37 x 10710

4 2/31 -6.33x 10711 2.59 x 10711 2.26 x 10710

2  Minimum detectable concentration.

Table 4-9. Summary of gross alpha and gross beta in air effluent samples from
monitored emission points at Building 491, 1997.

Sampler No. >MDC@)/ Minimum Median Maximum
no. Total samples (Bg/mL) (Bg/mL) (Bg/mL)
Gross alpha
1 1/52 -1.26 x 10711 7.40 x 10712 7.73 x 10711
Gross beta
1 3/52 -6.66 x 10711 3.33x 10711 1.18 x 1079

2 Minimum detectable concentration.
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Paris E. Althouse
Paula J. Tate

Air Surveillance Sampling Methods

Air surveillance sampling is conducted in seven different networks, each one
representing a general location and type of analysis. There are separate networks for
sampling radiological particulates and beryllium particulates at both the Livermore site
and Site 300, a low-volume radiological network, and a tritium sampling network in
Livermore. Four different collection media are employed: glass fibers for radiological
particulates, cellulose for beryllium, Millipore AW-19 for low-volume radiological
particulates, and silica gel for tritium. Table 5-1 in the main volume shows the
organization of the networks, and sampling locations are shown in Figures 5-1, 5-2, and
5-3in the main volume.

All air samplers are positioned to ensure reasonable probability that any significant
concentration of particulate effluents from LLNL operations will be detected. The
geographical details of the particulate sampling locations are outlined in a procedure in
the Appendix A of the Environmental Monitoring Plan (Tate et al. 1998).

Four of the air particulate networks utilize high-volume (hi-vol) air-sampling units,
which collect airborne particles on filters. In January 1997, all air particulate hi-vols
were upgraded with several new features such as brushless motors, elapsed-time
meters, and flow totalizers. These improvements dramatically reduced the loss of
samples due to mechanical or power failures. The flow totalizers allowed a more
accurate determination of the total volume of air passing through the filter.

If a hi-vol fails or the measured flow rate differs more than 10% from the expected flow
rate, it is bench tested using a calibration source traceable to the National Institute for
Standards and Technology (NIST). During operation, the flow rate is maintained within
10% (better than the DOE requirement of £20%) of the nominal flow by using a mass
flow controller that adjusts motor speed. All air particulate filters are changed each
week at all locations.

After each particulate filter is removed from a sampler, it is identified by location, date
on, date off, elapsed time, and flow rate and is given a sample identifier (a four-field
code) that accompanies it throughout the analysis. Filters are then placed in glassine
envelopes, and the sample information is recorded in a field tracking notebook. All air
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filters are processed at the end of each month according to their location and required
analysis.

Radiological high-vol samplers collect particulate at a continuous rate of 35 CFM using
glass fiber filters. The low-volume samplers collect particulate at a continuous rate of

1 CFM using Millipore AW-19 filters. Beryllium samplers collect particulate at a
continuous rate of 15 CFM using Whatman 41 cellulose filters. Tritium samplers use a
continuous vacuum pump to capture air moisture on silica gel at a flow rate of 700 cubic
centimeters per minute.

The details of air particulate sampling and sample change-out are described in
Appendix A of the Environmental Monitoring Plan (Tate et al. 1995). Details of high-
volume sampler flow calibration are also discussed in a procedure (ORAD
EMP-AP-CA), and details of air sample analysis procedures are outlined in Hall and
Edwards (1994a, b, and c).

Air Particulate Radiological Networks

5-2

In March 1997, the filter media for hi-vol radiological air monitoring was changed from
cellulose to glass fiber because of glass fiber’s excellent collection efficiency of 99.7% or
greater (Pate 1962). A total volume of approximately 10 ML of air is sampled at each
location each week for radiological analysis. The mass flow totalizers are verified
weekly using a portable field unit.

Also during 1997, several changes were made to the radiological air particulate network.
The downwind location at ALTA was removed at the request of the landowner. A
replacement location was selected; however, because of weather conditions, contract
negotiations, and permit conflicts, sample collection at this location did not begin until
March of 1998. The upwind sampler at RRCH was also removed at the request of the
landowner. A replacement location identified as CHUR (approximately two miles
south) was selected and sample collection began in May 1997. One location (LIN) at
Site 300 was eliminated in December of 1996 because of off-road access problems. A
new location identified as PRIM was added in January 1997 to the Site 300 off-site air
particulate networks. PRIM is located approximately two miles from Site 300 and serves
as the location for the SWMEI for NESHAPs reporting purposes.

A technical assessment of the sampling network in 1997 evaluated the effectiveness of

each site at the current location. As a result of the assessment, three sites (VIS, HOSP,
and FCC) were moved in order to reduce or eliminate building and or tree wake effects.
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Data from each of the networks are grouped in categories representing the following
areas: perimeter, upwind, downwind, diffuse source, and special interest locations.

The LLNL hi-vol radiological air particulate site perimeter network maintains six
samplers at the perimeter (CAFE, COW, MESQ, MET, SALV, and VIS), two at diffuse
source areas (B531 and CRED) and one at an area of special interest (LWRP); the
Livermore Valley network consists of five locations in the least prevalent wind
directions (FCC, FIRE, HOSP, RRCH, and CHUR) considered to be upwind or
background and four samplers located in the most prevalent downwind directions
(PATT, ZON7, TANK, and ALTA). An additional sampler is located in an area of
special interest at Livermore Water Reclamation Plant (LWRP) because of a plutonium
release to sewer in 1967 that resulted in local soil contamination (see Results section in
Chapter 5 of the main volume). The low-volume radiological air particulate network
consists of two samplers located at HOSP and FCC.

The perimeter at Site 300 is monitored at seven locations (801E, ECP, EOBS, GOLF, NPS,
WCP, and WOBS). In addition to the new site at PRIM, one special interest sampler is
monitored in downtown Tracy at TFIR.

Glass fiber filters are collected from the field and placed in glassine bags. The glassine
bags are gathered at the end of the month and each filter is cut up to supply samples for
the various analyses. Portions of all glass fiber filters (except B531 and CRED) are sent
in for gross alpha and gross beta analysis. These samples are sent to the analytical
laboratory after a four-day delay to allow for decay of radon—thoron daughters. Gross
alpha and gross beta activities are determined using a gas flow proportional counter.

The analytical laboratory uses 24LAm and 137Cs as calibration sources to determine
alpha and beta counting efficiencies, respectively. Cross-checks using 230Th and 90Sr are
also completed periodically. These standards are certified by the Environmental
Protection Agency (EPA). Counting-efficiency measurements are made for each set of
counted filters. A background count is taken at the beginning of each run and between
each set of 20 samples. Records are kept of background and counting-efficiency
variations that occur in the counting equipment. The analytical laboratory reports the
actual instrumentation values, including negative results, that arise when background
measurements are higher than those for the filters. Weekly gross alpha and gross beta
results are reported for each location.

As outlined in the Environmental Regulatory Guide for Radiological Effluent
Monitoring and Environmental Surveillance (U.S. Department of Energy 1991), gross
alpha and gross beta air filter results are used only as trend indicators; specific
radionuclide analysis is done for plutonium, uranium, and all gamma emitters. All
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analytical results are reported as a measured concentration per volume of air, or at the
minimum detection limit (MDL) when no activity is detected. In all cases, the MDL is
more than adequate for demonstrating compliance with the pertinent regulatory
requirements for radionuclides that are present or may be present in the air sampled.
Particle size distributions are not determined because the estimated effective dose
equivalent to the maximally exposed individual is well below the 0.01 mSv (1 mrem)
allowable limit (U.S. Department of Energy 1991).

For gamma scanning, six separate composites are created using another portion of all
weekly glass fiber filters from each Livermore perimeter location. These composited
filters are placed into clear bags representing each of the Livermore perimeter locations
(SALV, MESQ, CAFE, MET, VIS, and COW) for the month. Each monthly composite is
placed into a 214-cm3 aluminum can and counted for gamma-emitting radionuclides
using a low-background Ge(Li) detector.

Following gamma counting, the composited glass fiber filters from each Livermore site
perimeter location are analyzed for the presence of 239Pu, 235U, and 238U by LLNL’s
Chemistry and Materials Science Environmental Services Laboratory. The filters are
ashed and then dissolved in a mixture of nitric acid and hydrochloric and/or hydro-
fluoric acids. Plutonium and uranium are separated by an ion-exchange process. Each
separated element is purified further by ion exchange. Then plutonium is electroplated
onto a stainless steel disk and analyzed by alpha spectrometry, while uranium solutions
are analyzed by mass spectrometry.

The remaining glass fiber portions consisting of all Livermore Valley (ALTA, PATT,
TANK, ZON7, FCC, FIRE, HOSP, RRCH, CHUR) and Site 300 off site (PRIM and TFIR)
are composited by location and analyzed for 239Pu as described above.

One composite is created using portions of all S300 perimeter locations (801E, ECP,
EOBS, GOLF, NPS, WCP, and WOBS). This composite is gamma scanned and its entire
contents analyzed for23%9pu, 235U, and 238U,

Replicate radiological Quality Assurance (QA) samples are processed to confirm the
precision of the analytical results obtained from the samplers. A duplicate QA sampler
is operated for two months in parallel with the permanent sampler at a given site. In
addition, a trip blank is collected during each route. The QA filters also are exchanged
weekly, and both filter sets are submitted for analysis in the usual manner. After

two months, the QA sampler is rotated to another location. The QA trip blanks and QA
duplicates are processed in the same manner as the routine samples and analyzed for
the same radiological parameters.
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Air Particulate Beryllium

Beryllium analysis requires an easily dissolvable filter with a low trace-metal
background. Whatman-41 filters provide a balance between such requirements and
particulate collection efficiency (Lindeken et al. 1963).

Beryllium is monitored at all Livermore perimeter locations (SALV, MESQ, CAFE, VIS,
MET, and COW) as required by the Bay Area Air Quality Management District.
Although there is no requirement to monitor beryllium at Site 300, it is monitored at
four locations (801E, EOBS, GOLF, and TFIR). In 1996, an assessment of Site 300
beryllium network determined that a reduction in the total number of locations could
still provide adequate data for determining the ambient beryllium concentrations. As a
result of this assessment, five perimeter sites historically analyzed for beryllium (ECP,
WCP, GOLF, LIN, and WOBS) were eliminated.

A total volume of approximately 4.3 ML of air is sampled at each location each week for
beryllium analysis. The details of air particulate sampling and sample change-out are
described in Appendix A of the Environmental Monitoring Plan (Tate et al. 1995). Details
of high-volume sampler flow calibration are also discussed in a procedure (ORAD EMP-
AP-CA).

The cellulose filters from each site are halved with one portion saved on site for archival
purposes and the other composited into a monthly sample (one for each location) and
sent out to the analytical labs for analysis. The off-site analytical laboratory adds 40 mL
of 10% nitric acid to each composite and digests the mixture for 30 minutes. The nitric
acid supernatant is decanted into a separate beaker where more nitric acid is added.
This step is repeated two more times and the resulting solution is evaporated to less
than 20 mL (care is taken to prevent the samples from boiling or baking dry). The
samples are diluted to 20 mL with deionized water. The quantity of beryllium is
determined by graphite furnace atomic absorption spectroscopy.

Trip blanks are collected weekly from the Site 300 and Livermore networks and split
samples are chosen from the archived portions of the routine sample filters. These
samples are sent to the analytical laboratory as blind samples to help determine the
accuracy of the analytical measurement.

Air Tritium
LLNL also maintains 11 continuously operating airborne tritium samplers on the

Livermore site (main volume, Figure 5-1), five samplers in the Livermore Valley (main
volume, Figure 5-2), and near Site 300 (main volume, Figure 5-3). Four of the Livermore
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site locations (B331, B292, B514, and B624) monitor diffuse source emissions. The tritium
sample locations are detailed in Appendix B of the Environmental Monitoring Plan

(Tate et al. 1995). The tritium samplers, operating at a flow rate of 700 mL/min, use
silica gel in flasks to collect water vapor. These flasks are changed every two weeks, and
the samples are identified by location, date on, date off, elapsed sampling time, and flow
rate. The flow rate is the average of the initial and final flow rates, which are measured
biweekly with a rotameter that is calibrated once a year. Each sample is given a sample
identifier that accompanies it through analysis. Two additional samplers are rotated
among the locations at two-month intervals to provide duplicate QA samples. Details of
the actual tritium sampling and a description of tritium sampler calibration can be
found in Appendix A of the Environmental Monitoring Plan (Tate et al. 1995).

Once the samples are taken, the water is separated from the silica gel by freeze-dried
vacuum distillation, and the tritium concentration in the water is determined by liquid-
scintillation counting. Airborne tritium sample analysis is done by LLNL’s Chemistry
and Materials Science Environmental Services Laboratory. All analytical results are
reported as a measured concentration per unit volume of air flow through the sampling
medium. Details of the analytical procedure are described in Hall and Edwards

(19944, b, and c).

Data

Monthly summaries of gross alpha and gross beta data are presented in Tables 5-1, 5-2,
and 5-14. Tables 5-3 and 5-15 present monthly gamma activity on air filters for the
Livermore site perimeter and Site 300. Monthly plutonium data for each sampling
location are shown in Table 5-4. Monthly uranium data for the Livermore site perimeter
and Site 300 are presented in Tables 5-7 and 5-17. Biweekly tritium data for sampling
locations in the Livermore Valley, Livermore site perimeter, and diffuse sources are
shown in Tables 5-10, 5-11, and 5-12. Table 5-18 shows tritium-in-air data for Site 300.
Tables 5-13 and 5-19 present monthly beryllium data for Livermore site perimeter and
Site 300 sampling locations. The monthly low volume gross alpha and gross beta data
for locations HOSP and FCC are presented in Tables 5-8 and 5-9.

The data generally reflect historic data values for these analytes at these locations. A
detailed discussion of these results is provided in the main volume of this report.
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Table 5-1. Median gross alpha and gross beta activities at the LLNL perimeter,(® summarized by

month and location, 1997.

Month SALV MESQ CAFE MET VIS CcCow
Gross alpha (10712 Bg/mL)
Jan 41.9 8.7 46.0 -11.4 14.7 5.7
Feb 7.5 7.2 -9.3 19.4 -0.6 20.0
Mar -40.0 13.1 -93 57.6 83.3 30.2
Apr(b) 22.3 34.6 34.3 16.7 19.2 32.5
May 18.4 42.8 16.1 34.6 18.4 -1.6
Jun 8.2 18.0 -1.6 9.9 15.9 3.0
Jul 16.5 13.4 18.6 35.4 26.7 20.9
Aug 13.6 1.8 36.6 13.1 321 20.1
Sep -21.0 23.2 19.4 -4.9 33.2 -2.9
Oct -8.2 8.9 -9.4 15.3 -16.4 35.8
Nov -15.7 13.7 13.0 32.2 30.6 -0.2
Dec -11.5 -8.0 -0.8 -16.0 -7.7 -15.4
Annual median() 8.8 12.5 16.1 17.3 23.4 10.8
IQR(.d) 38.8 41.4 41.3 43.0 46.9 48.0
Annual maximum(©) 107.0 136.0 74.3 138.2 135.5 103.0
Gross beta
Jan 218.4 324.2 249.1 271.1 191.2 127.7
Feb 271.6 357.7 354.1 282.8 253.0 218.5
Mar 290.9 270.2 302.5 203.1 319.7 410.0
Apr®) 471.9 487.0 476.9 519.0 491.2 446.0
May 521.8 484.4 593.4 508.0 429.2 518.6
Jun 410.8 404.7 531.5 429.8 389.9 424.4
Jul 518.2 620.8 579.3 608.1 552.9 570.2
Aug 449.8 613.8 482.7 535.7 586.6 573.1
Sep 673.6 624.1 606.8 707.3 691.0 732.5
Oct 1047.1 957.2 1066.9 1226.6 1154.6 1109.0
Nov 513.3 524.6 495.1 537.0 498.2 515.7
Dec 883.8 822.5 848.1 844.9 895.1 822.8
Annual median() 497.9 546.2 534.7 518.4 480.7 509.9
IQR(C. d) 2225 214.0 190.0 205.4 237.3 216.8
Annual maximum() 1471.7 1418.9 1462.9 1448.7 1444.9 1374.0
2  See Figure 5-1, main volume, for sampling locations.
b Filter media changed from cellulose to glass fiber. Samples from April through December were collected on glass fiber filters.
€ As determined by data for the 52-week period.
d Interquartile range.
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Table 5-2a. Median gross alpha activities for the Livermore Valley,(@ 1997.

Livermore Valley downwind Special interest
Month PATT ZON7 TANK ALTA LWRP
(10712 Bg/mL)
Jan 10.4 -0.1 3.0 -5.9 48.2
Feb 0.7 7.3 20.3 19.0 40.0
Mar 0.1 13.5 14.3 27.1 46.3
Apr(®) 24.0 16.5 27.4 24.1 485
May 36.5 16.6 17.6 —(@ 425
Jun 15.3 3.8 2.9 13.9
Jul 33.8 33.0 21.2 27.3
Aug 18.6 32.0 18.0 15.1
Sep -15.0 -15.9 5.8 0.3
Oct 28.4 20.1 457 2.1
Nov 4.1 17.6 -5.7 -13.8
Dec 15.7 7.6 18.4 6.3
Annual median(®) 15.3 14.8 18.0 14.8 221
IQREf 423 28.2 36.4 36.2 41.4
Annual maximum() 101.8 71.2 96.9 106.0 78.6
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Table 5-2a. Median gross alpha activities for the Livermore Valley, (@ 1997

(concluded).

Livermore Valley upwind

Month CHUR ] FCC FIRE HOSP RRCH
(10712 Bg/mL)
Jan -12.6 13.1 46.3 31.2
Feb 53.7 0.3 24.7 36.4
Mar 23.2 42.0 25.8 10.4
Apr(®) —© 44.9 13.8 14.4 5.6
May 21.3 23.4 21.9 16.0 36.0
Jun 0.5 3.3 0.2 -1.7 —(d
Jul 29.3 12.7 245 29.8
Aug 3.0 315 25.6 17.5
Sep -14.0 -3.1 -3.0 22.9
Oct 20.3 5.4 -8.2 21.8
Nov 2.6 18.1 4.5 -11.8
Dec 1.5 -37.0 8.9 -20.3
Annual median(® 3.9 13.8 10.0 15.2 275
IQR(Ef 27.9 39.4 38.9 41.2 42.0
Annual maximum(®) 54.4 155.1 83.5 87.8 122.0

a

b

See Figure 5-2, main volume, for sampling locations.

Filter medium changed from cellulose to glass fiber. Samples from April through December were collected on glass

fiber filters.

Sampling site added.

Sampling site removed.

Determined by data for the 52-week period.

Interquartile range.
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Table 5-2b. Median gross beta activities for the Livermore Valley,(@ 1997.

Livermore Valley downwind Special interest
Month PATT ZON7 TANK ALTA LWRP
(10712 Bg/mL)
Jan 186.3 202.8 393.6 274.8 254.1
Feb 267.4 360.3 276.1 342.2 256.7
Mar 249.9 265.2 308.6 346.1 451.4
Apr(®) 488.0 512.5 481.2 529.5 501.9
May 633.0 551.5 563.8 —(@ 477.6
Jun 417.6 410.7 468.1 405.6
Jul 642.0 549.5 594.0 527.0
Aug 466.9 499.2 525.5 507.3
Sep 770.3 697.0 622.7 784.7
Oct 872.6 927.3 961.4 1075.6
Nov 502.8 630.7 459.5 666.5
Dec 736.2 977.4 806.3 907.4
Annual median(®) 468.9 500.7 506.8 380.9 511.9
IQREf 300.7 247.9 177.8 245.2 262.5
Annual maximum(® | 1350.6 1709.9 1342.6 699.4 1571.6
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Table 5-2b. Median gross alpha activities for the Livermore Valley, (@ 1997
(concluded).

Livermore Valley upwind
Month CHUR ] FCC FIRE HOSP RRCH
(10712 Bg/mL)
Jan 300.3 227.2 208.1 313.9
Feb 249.9 289.0 212.4 313.7
Mar 332.7 322.6 256.6 261.2
Apr(®) —(© 495.8 398.9 474.6 452.6
May 593.7 592.6 554.3 547.0 561.5
Jun 467.1 394.7 379.2 4318 —(d
Jul 630.9 668.6 543.7 598.3
Aug 546.1 521.8 414.8 498.5
Sep 700.1 687.1 660.8 724.1
Oct 1322.9 907.2 939.2 917.1
Nov 564.1 584.8 585.1 523.8
Dec 942.4 983.4 757.6 838.1
Annual median(® 581.8 526.3 498.2 503.6 416.9
IQR(Ef 242.8 249.2 240.5 233.9 213.6
Annual maximum(® | 1552.9 1424.7 1295.8 1341.8 622.8

&  See Figure 5-2, main volume, for sampling locations.

b Filter medium changed from cellulose to glass fiber. Samples from April through December were

collected on glass fiber filters.
¢ Sampling site added.
Sampling site removed.
Determined by data for the 52-week period.

Interquartile range.
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Table 5-3. Gamma activity in particulate air samples, Livermore site perimeter, (@) 1997.

Be 40K 137cg 22Na 226Rg 228Ra 228Th
Month (10~ Bg/mL) (10-12 Bg/mL)
Jan 2.9+0.05 <5.1 <0.2 <0.2 <0.4 <0.80 <0.49
Feb 3.3x0.05 <4.9 <0.2 <0.2 <04 <0.79 <0.40
Mar 57+0.11 <5.7 <0.2 <0.2 <0.4 24+14 1.0+0.8
Apr®) 31+0.07 | -8.0+154 <0.2 0.7+0.6 <4.3 <1.3 <0.49
May 40£0.09 | 242+11.1 <0.1 0.4+0.3 <3.3 <1.0 1.2+0.6
Jun 29+0.06 | 24.0+18.1 <0.2 <0.2 <6.5 1.9+18 14+1.2
Jul 34+005 | 60.9+14.2 <0.1 <0.2 <4.0 21+15 1.8+0.8
Aug 27+0.04 | 186+148 <0.1 <0.2 <4.9 <0.7 0.69 + 0.66
Sep 6.5+0.14 | 62.4+20.8 <0.2 <0.3 <7.0 4122 33+15
Oct 43+0.07 | 22.1+16.3 <0.2 <0.3 <0.6 27+1.7 1.4+0.9
Nov 32+0.06 | 44.0£322 <0.3 <0.4 <1.0 3.0+29 <1.1
Dec 3.4+0.06 52.5+18.6 <0.2 <0.2 <7.1 <1.8 <1.0
Median 3.4 23.0 <0.2 <0.3 <3.7 1.9 <1.1
IQRE) 1.0 —(d) —(d) —(d) —( 15 ()
Maximum 6.5 62.4 <0.3 0.7 <7.1 4.1 3.3
DCG® 1.5 x 1073 33x105 | 15x105 | 37x105 | 37x108 | 1.1x107 | 1.5x107°
Median fraction of 2.2x10°® 7.0x1077 | <1.2x108 | <6.6x109 | <1.0x10™4 1.7 %10 | <7.1x10%
DCG
(UCi/mL)
Median 9.1x101 | 62x10715 |[<5.0x10718 |<6.6x10718 |<1.0x10716 | 50x 1017 |<2.9x10716
IQRE) 2.8 x10-14 —(d) —(d) —(d) —(d) 4.1 x 1017 —(d)
Maximum 1.8x10713 | 71x10715 |<9.1x10718 | 1.9x10717 <1.9x10716 | 1.1x10716 | 88x 1077
DCG®) 40x108 | 9.0x10710 | 40x10710 | 1.0x10° | 1.0x10712 | 3.0x10712 | 40x 10714

Note: Radionuclide results are reported +20. See Chapter 13, Quality Assurance.

a

b

C

All Livermore site perimeter samples composited. See Figure 5-1, main volume, for sampling locations.

Filter media changed from cellulose to glass fiber filter. Samples from April through December were collected on glass fiber filters.

Interquartile range.

No IQR calculated; see Chapter 13, Quality Assurance.

Derived Concentration Guide (DOE Order 5400.5). See Chapter 12, Radiation Dose Assessment.
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Table 5-4. Plutonium activity in air particulate samples, Livermore Valley,(® 1997.

Livermore Valley downwind

Special interest

Month ALTA PATT TANK ZON7 LWRP
(10715 Bg/mL)
Jan 45+96 -7.0+8.1 9.9+16.1 2.6+11.1 29+12.2
Feb -43+6.0 -6.2+17.4 -2.0+258 —7.8+21.2 11.5+15.1
Mar 0.2+115 -1.0+12.1 8.7+145 1.9+13.4 5.9 +30.0
Apr®) 47+88 1.7+4.9 1.0+7.2 1.0+58 11.7 + 10.0
May —© -9.7+21.0 -4.0+523 6.4+7.3 21.6+12.2
Jun 1.2+5.1 -1.4+1.9 2.7+10.9 12.1+16.0
Jul -0.1+45 02+3.2 -1.1+6.2 9.4+14.9
Aug 1.0+3.0 -2.0+6.4 1.2+6.5 23.9+9.2
Sep 5.7+6.8 02+73 11.5+11.3 44+58
Oct 34+6.3 -3.6+7.2 12.2+9.1 15.2 +£10.2
Nov 6.6+9.5 -3.4+6.8 —2.7+74 3.2+54
Dec —2.4+45 1.0+4.1 3.1+48 22+51
Median 2.4 0.5 -0.6 2.3 105
IQR@) 5.4 5.4 3.4 3.4 8.8
Fraction of DCG® | 3.2x 1076 6.3 x 1077 —® 3.1x10°6 1.4%x107°
(MCi/mL)
Median 6.4 x 10720 1.3x10720 -1.5x10720| 6.1 x 1020 2.8 x 10719
IQR@ 1.5 x 10719 1.5 x 10719 9.1x10720 | 9.2x10719 2.4 x 10719
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Table 5-4. Plutonium activity in air particulate samples, Livermore Valley,(® 1997.

(concluded).

Livermore Valley upwind
Month FCC FIRE HOSP RRCH CHUR
(10715 Bg/mL)
Jan -5.8+10.4 5.7+135 -1.9+158 -6.1+95
Feb -32.0+28.1 -9.8+11.7 -0.9+8.7 -12.6 +18.4
Mar -10.3+125 -4.0+15.2 9.1+12.0 -2.8+3.9
Apr(®) 0.7+57 ~45+6.0 -1.0+5.9 7.4+85 —©
May 89+11.4 32+54 38+7.8 -25+54 -49+57
Jun ~1.6+9.1 2.7+11.2 3.4+10.2 —© ~1.2+65
Jul 05+9.9 7.6+10.7 24+73 6.6 +9.6
Aug 1.2+4.9 81+54 21+4.1 46+438
Sep 1.0+5.8 6.8+6.1 13.1+14.2 83+7.2
Oct 0.7+46 53+4.7 —M 14.7 £10.3
Nov -3.8+4.0 22+3.1 -1.9+36 45+7.0
Dec —27+438 -2.8+5.1 -1.8+35 0.8+5.6
Median -05 3.0 2.1 -2.8 4.6
IQR@) 5.1 9.1 5.0 3.6 6.7
Fraction of DCG®) —® 4.0x 1076 2.9x10°6 —® 6.2 x 1076
(UCi/mL)
Median 1.4 x 10720 8.0 x 1020 5.7 x 1020 —-7.5 %1020 1.2 x 10719
IQR@) 1.4 x 10719 2.6 x 10719 1.4 x 10719 9.8 x 10720 1.8 x 10719

Note: Radionuclide results are reported +20.

a

b
fiber filters.

See Chapter 13, Quality Assurance.

See Figure 5-2, main volume, for sampling locations.

Filter media changed from cellulose to glass fiber. Samples from April through December were collected on glass

Sample site removed.

Interquartile range.

€ Derived Concentration Guide (DCG) = 7.4 x 10710 Bg/mL for 239py activity in air (2 x 10714 uCi/mL).
Fraction of DCG not determined when median value is negative.

9 Sample site added.

Sample lost during analytical process.
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Table 5-5. Plutonium activity in air particulate samples, Livermore site perimeter, 1997.

Sampling location(®
Month CAFE COow MESQ MET SALV VIS
(10715 Bg/mL)
Jan -5.2+14.6 10.4+31.4 -9.3+15.9 -0.9+20.1 5.0+15.1 41+11.7
Feb 6.0+252 | -104+12.4 8.7+13.8 -1.5+125 11.8+12.3 2.3+16.1
Mar 7.1+26.5 1.3+32.0 16.7 + 25.4 12.2 +29.7 -8.3+381 |-115+34.4
Apr®) 43+84 1.4+11.0 135+ 11.5 72+7.1 9.8+8.4 -6.5+125
May 145+8.4 10.9+8.1 8.8+8.7 6.6 £6.5 5.6 £6.7 9.1+6.6
Jun 1.4+116 11.1+14.9 57+9.1 11.5+16.8 1.6+9.7 195.4 +41.4
Jul 5.4 +10.0 -1.0+7.1 10.6 +8.4 6.3+10.0 145+11.3 6.9+11.3
Aug 95+6.4 43+49 7.7+5.6 3.3+39 11.2+9.2 11.0+7.3
Sep 17.8+9.1 —8.2+41.4 145+8.3 75+6.9 14.3+8.8 8.4+6.9
Oct 11.4+6.8 8.7+6.6 95+75 6.8+6.0 485+ 145 55+6.5
Nov 8.4+6.6 1.6 +4.9 0.2+6.5 8.7+6.5 -6.4+8.8 3658
Dec 45+6.4 85+8.6 -0.1+3.9 -0.1+4.0 1.8+54 14.6 + 10.7
Median 6.5 3.0 8.8 6.7 7.7 6.2
IQR©) 5.6 8.4 7.0 5.3 10.7 5.3
Fraction of DCG 8.8 x 1076 4.0x 1076 1.2 x107° 9.1 x 1076 1.0 x 1075 8.4 x 1076
(uCi/mL)
Median 1.8 x10719 8.1x 10720 2.4x10719 1.8 x 10719 2.1x10719 1.7 x 10719
IQR©) 1.5 x 10719 2.3x 10719 1.9 x 10719 1.4 x 10719 2.9x 10719 1.4 x 10719

Note: Radionuclide results are reported +20. See Chapter 13, Quality Assurance.

a

b

C

o

Interquartile range.

See Figure 5-1, main volume, for sampling locations.
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Air Monitoring

Table 5-6. Plutonium activity in air particulate samples, diffuse sources, 1997.

Sampling location(®

Month B531 CRED
(10715 Bg/mL)

Jan 29.5+23.9 7.2+11.1
Feb 9.8+38.9 -0.6 +14.7
Mar 17.2+31.2 —4.2+15.9
Apr®) 203.5+34.7 5.8+10.4
May 48.1+18.3 09+6.1
Jun 46.6 +21.0 -36+78
Jul 224.2 +44.8 7.1+13.3
Aug 63.6 +16.7 2.6+3.9
Sep 64.0 +18.0 124+8.4
Oct 104.0 + 23.0 53+53
Nov 77+78 3.7+6.1
Dec 48+6.1 28.6 +15.2

Median 47.4 45

IQR©) 58.7 6.6

Fraction of DCG(@ 6.47 x 1075 6.0 x 10~

(MCi/mL)
Median 1.3x10718 1.2 x 10719
IQR©) 1.6 x 10718 1.8 x 10719

Note: Radionuclide results are reported +20. See Chapter 13, Quality Assurance.

a See Figure 5-1, main volume, for sampling locations.

Filter media changed from cellulose to glass fiber. Samples from April through December were collected on glass

fiber filters.

Interquartile range.

Derived Concentration Guide (DCG) = 7.4 x 10710 Bg/mL for 239py activity in air (2 x 10714 uCi/mL).
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Table 5-7.  Uranium mass in air particulate samples, Livermore site perimeter, 1997.
Location(@ Month Uranium 238 Uranium 235 Uranium 235/238
(10 pg/m?3) (10~ pg/m3) (1073
SALV Jan 2.28 1.11 4.87
Feb 2.22 1.46 6.58
Mar 411 2.91 7.08
Apr (b) 5.29 4.09 7.72
May 6.74 477 7.08
Jun 5.69 3.78 6.64
Jul 5.13 331 6.45
Aug 1.27 0.88 6.96
Sep 3.17 1.94 6.12
Oct 11.9 8.54 7.21
Nov 1.03 0.12 1.12
Dec 1.02 0.59 5.78
Median 3.64 2.42 6.61
IQR(©) 3.41 2.81 1.05
Maximum 11.9 8.54 NA
Fraction of DCG® 1.2x10™ 5.2x 1076 NA
MESQ Jan 1.18 0.83 6.96
Feb 2.44 1.65 6.77
Mar 4.16 2.99 7.18
Apr® 10.5 7.64 7.25
May 11.7 8.57 7.34
Jun 9.55 6.25 6.54
Jul 12.6 8.23 6.55
Aug 9.81 7.01 7.15
Sep 14.6 10.4 7.12
Oct 13.8 9.94 7.19
Nov 3.40 2.14 6.27
Dec 0.54 0.12 2.15
Median 9.68 6.63 7.04
IQR(©) 8.74 6.30 0.63
Maximum 14.6 10.4 NA
Fraction of DCG® 3.2x10 1.4 x 1075 NA
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Table 5-7.  Uranium mass in air particulate samples, Livermore site perimeter, 1997
(continued).

Location® Month L(Jlr gfs' l;g]/ri%? tJlrg_n; L:g /If]s;? Urani ?%_%?5/ 238

CAFE Jan 431 2.94 6.83

Feb 4.43 3.09 6.97

Mar 4.76 3.34 7.02

Apr(b) 4.66 3.14 6.73

May 7.44 5.48 7.36

Jun 4.95 3.20 6.48

Jul 6.78 4.05 5.97

Aug 8.52 6.31 7.40

Sep 9.77 6.79 6.94

Oct 13.2 9.56 7.27

Nov 3.85 2.57 6.68

Dec 1.52 0.96 6.33

Median 4.85 3.27 6.89
IQR©) 3.31 2.63 0.45
Maximum 13.2 9.56 NA
Fraction of DCG(®) 1.6 x10™ 7.0x 1076 NA
MET Jan 1.83 0.98 5.34

Feb 2.33 1.63 6.99

Mar 3.83 2.7 7.04

Apr® 2.05 1.55 7.56

May 5.66 451 7.97

Jun 3.24 2.35 7.27

Jul 5.20 3.63 6.98

Aug 2.68 2.06 7.68

Sep 6.23 4.39 7.04

Oct 8.77 6.21 7.08

Nov 0.65 0.11 1.68

Dec 1.68 121 7.24

Median 2.96 2.21 7.06
IQR©) 3.32 2.35 0.36
Maximum 8.77 6.21 NA
Fraction of DCG(®) 9.9 x 1073 4.7 x 1075 NA
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Table 5-7.

(concluded).

Uranium mass in air particulate samples, Livermore site perimeter, 1997

Location(® Month apunas | onumzs | e a

VIS Jan 1.59 0.844 5.29

Feb 1.83 1.33 7.26

Mar 3.78 2.67 7.07

Apr(®) 1.16 1.31 11.3

May 5.48 4.25 7.75

Jun 0.03 -0.41 —(©)

Jul 6.09 4.20 6.89

Aug 3.36 2.37 7.06

Sep 7.23 5.40 7.46

Oct 9.40 6.80 7.24

Nov 2.99 1.84 6.15

Dec 2.98 1.59 5.33

Median 3.18 2.11 7.07
IQR©) 3.87 2.89 0.84
Maximum 9.40 6.80 NA
Fraction of DCG 1.1x10™ 45x 1074 NA
Ccow Jan 1.7 0.964 5.67

Feb 3.19 2.28 7.16

Mar 4.63 3.31 7.15

Apr(®) 4.16 3.42 8.22

May 7.59 5.75 7.58

Jun 6.28 4.54 7.23

Jul 6.85 4.59 6.70

Aug 7.33 4.82 6.57

Sep 5.14 3.62 7.05

Oct 16.1 11.6 7.17

Nov 5.45 3.80 6.97

Dec 1.81 1.16 6.39

Median 5.29 3.71 7.10
IQR©) 3.05 1.59 0.52
Maximum 16.1 11.6 NA
Fraction of DCG® 1.8 x 1074 7.9 %104 NA

&  See Figure 5-1, main volume, for sampling locations.

b
fiber filters.

Interquartile range.

Filter media changed from cellulose to glass fiber. Samples from April through December were collected on glass

d  Derived Concentration Guide (DCG)=0.3 ug/m3 for 238y activity in air; DCG = 0.047 ug/m3 for 235y activity in air.
€ Ratio not determined when the value of one of the masses was negative.

NA = Not applicable.
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Table 5-8. Median gross alpha activities from low volume air samplers, 1997.

Livermore Valley upwind
Month HOSP FCC
(10712 Bg/mL)

Jul® 100.6 49.2
Aug 89.7 81.4

Sep 328.9 219.4

Oct 728.9 482.5

Nov 305.4 146.9

Dec 210.9 102.9
Annual median(®) 134.5 118.0
IQR() 356.2 175.8
Annual maximum(d) 1461.5 1406.0

2 sampling started in end of July. Only one sample result for this month.

P The annual median is determined from the weekly data for July 23 through December 30.

€ The interquartile range is determined from the weekly data for July 23 through December 30.

4 The annual maximum is determined from the weekly data for July 23 through December 30.

Table 5-9. Median gross beta activities from low volume air samplers, 1997.

Livermore Valley upwind
Month HOSP FCC
(10712 Bg/mL)

Jul® 821.4 310.4
Aug 612.4 547.6

Sep 651.2 930.6

Oct 3304.1 1431.9

Nov 1012.0 817.7

Dec 851.0 725.2
Annual median(®) 790.0 699.3
IQR(C) 687.3 717.8
Annual maximum(d) 3503.9 2934.1

&  Sampling started in end of July. Only one sample result for this month.
b The annual median is determined from the weekly data for July 23 through December 30.
¢ The interquartile range is determined from the weekly data for July 23 through December 30.

The annual maximum is determined from the weekly data for July 23 through December 30.
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Air Monitoring

Table 5-10. Tritium in air, Livermore Valley, 1997.

Sampling locations(®)
Month ZON7 ALTA FIRE XRDS VET HOSP
(109 Bg/mL)
Jan 65.5 £12.3 25.0£9.7 19.4 £9.2 <10.6 69.6 £12.6 10.3 £10.0
<17.3 <19.6 16.5 £13.8 <12.5 41.1 +135 42.9 +18.3
Feb 459 +12.0 <12.1 28.2 £11.7 18.0 £11.5 448 +12.1 <11.3
31.2+£99 16.4+9.8 27.6 £104 10.2 £ 8.6 26.4 +9.7 <8.6
Mar 42.9 +8.0 25775 18.0 £6.9 15.8 £6.7 426 £7.9 128 £6.4
55.5 £12.5 448 +11.7 22.6 £10.5 271 +£11.2 76.2 £12.6 21.0 £104
Apr 114.7 £12.7 33.2+99 24.0 £9.0 215 +99 37.0 £10.2 <8.7
354 9.1 17.1+8.2 <9.3 11.7 £ 8.6 19.5 £10.1 <8.2
May 68.1 +13.0 —(b) 14.4 +11.6 236 +11.0 <10.7 <9.7
614 £11.1 <9.5 <94 <94 <10.0
84.7 £13.1 <10.7 37.7 £10.5 323 +115 13.7 £10.0
Jun 488.4 +25.9 <11.4 <11.4 <11.1 <11.9
245.3 £16.2 <9.3 38.9+9.38 11.8 £9.5 <9.7
Jul 1154 £13.9 <10.7 244 £11.3 23.2+12.1 <11.1
94.4 +13.7 <11.0 <10.3 18.4 £11.8 <15.1
Aug 78.4 £12.8 13.4 £10.5 21.4 £10.3 15,5 +10.8 <10.8
105.1 £18.5 <15.5 <15.4 <15.4 <15.4
Sep 102.9 £13.2 <9.6 13.2 £95 <9.7 <10.0
97.3 £14.5 <11.3 12.2 £9.5 129 £10.8 <11.6
Oct 55.9 £10.6 271 +£9.8 275 £9.0 39.2 +10.3 <8.8
27.2 £10.0 10.3 £9.6 115 +8.6 16.6 £8.9 11.2 £9.6
455 +75 9.4 +6.1 <5.7 —© <6.2
Nov 29.6 £10.0 <9.3 10.7 £8.9 144 £8.1 <8.9
13.3 £10.4 19.6 £9.6 <11.1 28.9 £10.7 <11.8
Dec 17.5 £10.0 18.1 £10.4 <8.1 32.9 £10.0 <9.6
15.2 £5.9 17.0 £5.9 18.1 £6.3 41.8 +7.0 7.8 £6.3
Median(d) 58.6 <223 <13.9 <12.9 23.2 <10.5
IQR(€) 64.4 —® —® —® —® —®
Fraction of DCG® | 1.6 x 105 <6.0x 1076 <3.8x1076 <35x1076 6.3x 1076 <2.9x1076
Dose (mSv)™ 1.3x 1075 4.8x10°6 3.8x 108 2.8x10°6 5.0 x 108 2.8x10°5
puCi/mL
Median® 16x10712 | <6.0x10713 | <38x10713 | <35x10713 | <63x10713 | <2.9x10713
IQR® 1.7 x 1012 —® —(® —® _(f _(
Dose (mrem)™ 1.3 x 1073 4.8x1074 3.0 x 1074 2.8x1074 5.0 x 1074 2.3x1074
Note: Radionuclide results are reported +20. See Chapter 13, Quality Assurance.
&  See Figure 5-2, main volume, for sampling locations.
b Sampling site removed.
¢ Nodata. See Chapter 13, Quality Assurance.
d  Livermore Valley overall median = 16.5 x 109 Bg/mL (4.5 x 10713 pCi/mL).
€ Interquartile range.
f No measure of dispersion calculated. See Chapter 13, Quality Assurance.
9 Derived Concentration Guide (DCG) = 3.7 x 103 Bg/mL (1 x 1077 pCi/mL).
h' This dose is the effective dose equivalent.
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Table 5-11. Tritium in air, Livermore site perimeter, 1997.

Sampling location(®
Month SALV | MESQ | CAFE |  MET VIS cow POOL
(10-° Bg/mL)
Jan 84.4+12.2 747 +125 | 209.4 +15.9 61.8 +12.4 | 1143 +131 | 177.6+156 | 481.0+23.1
55.9 + 15.6 64.4 +16.8 | 138.4+17.6 41.4 +17.1 38.5 + 14.9 81.0 +17.3 | 303.8%216
Feb 88.4+14.3 98.1 +143 | 131.0 +14.4 46.6 +12.0 —(b) 103.6 +15.0 | 244.9+17.9
73.3+11.7 455 +11.1 | 161.0 +13.4 59.9 +11.1 | 102.1 +12.2 770 +11.7 | 250.5+16.5
Mar 64.8+9.5 38.1+7.9 107.7 £9.4 334 +78 135.1 + 14.6 85.1 +9.4 —(b)
1055+14.4 | 102.1+13.9 | 195.4 +15.4 492 +11.8 | 167.2+16.4 | 112.9 +14.3 —(b)
Apr 96.2+11.8 777 +111 | 521.7 +19.8 43.7 +9.9 336.3+229 | 153.2+11.9 | 1727.9+46.7
62.5 + 10.4 24.0 +9.5 169.5 + 13.6 17.1 8.9 153.2 + 13.3 88.8 +11.6 525.4 +31.5
May 85.8 +14.2 134 +10.8 | 239.4+17.0 <10.5 4847 +27.1 | 2054 +17.2 | 436.6+28.8
75.9+13.2 112 +11.0 433 +11.3 21.2 +10.9 | 183.9+153 | 1047 +13.7 | 1125+223
185.7+17.6 239 +11.0 | 129.1+147 233 +114 | 706.7+29.7 | 1957 +17.0 | 267.5+37.7
Jun 42.2 +14.2 <12.0 31.8 +17.4 <116 205.4 +17.9 | 181.7 +18.3 78.1 +£25.0
106.9 + 12.9 14.0 £ 9.6 124.3 +8.8 24.9 +9.6 640.1 +23.7 | 131.0+13.4 | 358.5%258
Jul 118.8+15.2 <11.9 201.7 +17.1 <11.3 341.5+195 | 140.6+157 | 290.8 +27.6
83.6 +19.7 <10.9 68.8 +13.5 <10.6 2253 +18.0 | 206.1+175 | 136.5+216
Aug 64.0+11.8 254 +112 | 128.8 +157 127 +10.2 | 219.0+158 | 166.1+156 | 182.8+218
4033+ 46.4 18.6 +16.1 72.9 +18.2 <15.9 580.9 +34.9 | 142.1+20.2 91.4 +29.0
Sep 44.0 +10.8 <10.4 130.6 £ 15.2 15.4 +10.6 | 239.4+17.7 | 363.7+211 | 117.3+205
66.2+12.5 22.6 +12.2 61.4 +13.6 202 +10.8 | 311.2+227 | 1857 +18.0 | 178.7+22.3
Oct 211.3+17.5 91.4 +12.6 | 206.5+15.3 81.4 +12.0 | 202.0+158 | 1258+135 | 407.0+26.9
—(b) 37.7 £10.4 55.1 +10.5 24.6 +9.5 152.8 + 16.5 99.5 +12.8 | 2657 +215
54.0 + 8.0 31.0 +7.3 89.5 +9.0 22.5 +6.6 59.9 +7.7 474 +7.9 296.7 +18.1
Nov 53.3+12.2 69.6 +11.1 86.6 +11.5 40.7 +9.6 139.1 +17.4 574 +11.1 | 176.9 +185
—(b) 39.6 +12.6 | 104.7 £13.0 50.3 +12.6 99.2 +15.9 463 +12.2 | 188.0+19.2
Dec 58.5 + 14.8 66.6 +11.1 | 1450 +13.0 37.7 £10.0 83.6 + 17.0 929 +126 | 328.2+19.6
63.3+ 7.8 55.9 + 7.8 243.5 +12.6 30.0 +6.7 64.0 + 8.5 315 + 7.0 414.4 + 16.7
Median(©) 74.6 34.4 129.9 24.8 183.9 119.3 266.6
IQR(@) 37.0 50.9 101.6 —(8 196.8 88.7 192.4
Fraction of 2.0x107° 9.3x10°° 35x107° 6.7 x 107° 5.0x 107 3.2x107° 7.2x107°
pcG®
Dose (mSv)@) 1.6 x 107° 7.4x10° 2.8x107° 53x100 3.9x10°3 26x107° 5.7x107
(uCi/mL)
Median(© 2.0x 10712 9.3x10°13 35x 10712 6.7 x 10713 5.0 x 10712 3.2x10712 7.2x10712
IQR@) 1.0x 10712 1.4x 10712 2.7x10712 —(e) 5.3 x 10712 2.4x10712 5.2x 10712
Dose(mrem)(@) 1.6 x 1073 7.4x1074 2.8x10°3 53x 1074 3.9x10°3 2.6x10°3 5.7x 1073

Note: Radionuclide results are reported +20. See Chapter 13, Quality Assurance.

a
b

c
d

5-22

See Figure 5-1, main volume, for sampling locations.

No data. See Chapter 13, Quality Assurance.

Livermore site overall median = 91.4 x 1079 Bg/mL (2.5 x 10712 pCi/mL).
Interquartile range.

No measure of dispersion calculated. See Chapter 13, Quality Assurance.
Derived Concentration Guide (DCG) = 3.7 x 103 Bg/mL (1 x 10~/ pCi/mL).
This dose is the effective dose equivalent.
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Table 5-12. Tritium in air at locations near diffuse sources, 1997.

Sampling locations®

Month B292 \ B331 \ B514 B624
(10~ Bg/mL)
Jan 296.7 +18.7 1957.3 +41.1 555.0 + 21.6 4366.0 + 61.1
124.3 +18.3 799.2 +32.8 327.8 +23.3 2242.2 +56.1
Feb 181.3 +17.0 1010.1 + 33.3 643.8 + 25.8 2682.5 +51.0
173.9 +15.0 710.4 +26.3 625.3 +22.5 2997.0 +50.9
Mar 137.6 +10.9 588.3 +18.8 1861.1 + 31.6 3045.1 +42.6
188.7 +15.5 950.9 + 29.5 4218.0 +59.1 3600.1 +57.6
Apr 212.8 +14.3 2009.1 +36.2 4514.0 +58.7 4625.0 + 60.1
159.8 + 13.6 1705.7 + 34.1 3207.9 +44.9 2978.5 +41.7
May 75.9 +11.8 2060.9 +47.4 7733.0 +100.5 2930.4 +55.7
2253 +17.1 1357.9 + 33.9 6068.0 + 66.7 2989.6 +50.8
795.5 + 28.6 4144.0 +435.1 6401.0 + 76.8 4625.0 +69.4
Jun 50.0 +12.7 1731.6 + 46.8 6364.0 + 82.7 1121.1 + 37.0
140.6 +12.9 1502.2 + 36.1 6438.0 +77.3 7104.0 +78.1
Jul 59.9 +12.8 1202.5 + 34.9 5180.0 + 67.3 7400.0 +81.4
61.8 +12.4 947.2 +31.3 5957.0 + 77.4 6660.0 + 79.9
Aug 59.6 +12.1 1161.8 +32.5 5809.0 + 389.2 7326.0 + 80.6
525 +17.4 1232.1 +40.7 6660.0 + 99.9 7733.0 +100.5
Sep 74.4 +12.6 1261.7 + 35.3 5735.0 + 68.8 2993.3 +53.9
9